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The free-induction decay (FID) of the transverse magnetization in a dipolar-coupled rigid 
lattice is a fundamental problem in magnetic resonance and in the theory of many-body systems. 
As it was shown earlier the FID shapes for the systems of classical magnetic moments and for 
quantum nuclear spins ones coincide if there are many quite equivalent nearest neighbors V in a 
solid lattice. In this paper, we reduce a multispin density matrix of above system to a two-spin 
matrix. Then we obtain analytic expressions for the mutual information and the quantum and 
classical parts of correlations at the arbitrary spin quantum number S, in the high-temperature 
approximation. The time dependence of these functions is expressed via the derivative of the FID 
shape. To extract classical correlations for S>1/2 we provide generalized POVM measurement 
using the basis of spin coherent states. We show that in every pair of spins the portion of quan-
tum correlations changes from 1/2 to 1/(S+1) when S is growing up, and quantum properties dis-
appear completely only if S→∞ and not in the case when V→∞. 
PACS numbers: 03.67.Mn, 67.57.Lm, 76.60.−k 
 
I. INTRODUCTION 
 Nuclear spin systems observed by nuclear magnetic resonance (NMR) really for a long 
time and yet now perform a suitable laboratory for studying of physics of nonequilibrium proc-
esses in quantum many-body systems. Some of the most of fundamental lines of that type activi-
ties are the emergence and growth of correlations, spin dynamics and so on [1]. Quite recently 
applications of the NMR spin dynamics to investigate quantum information processing were ini-
tiated [2]. It is usually assumed that the quantum correlation existing both at low and at high 
temperatures influence the performance speed of quantum computer [3]. In this regard, the inter-
est of researchers has shifted from the calculation of the correlation function as a whole to their 
partitioning into quantum and classical parts (e.g. see the review [3]). On the other hand different 
time correlation functions determine observed NMR signals in conventional NMR [1]. However 
their decomposition in quantum and classical components has not been done yet. In the present 
article it will be done for one of the most significant NMR time correlation functions, namely, 
for the free induction decay (FID) function. 
The FID shape links to the shape of NMR absorption line via Fourier transform [1]. In the 
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many-body spin systems of solids, the calculation of the time correlation functions is a very chal-
lenging problem and different approaches to it solution has been widely discussed. In light of the 
above, point the works [4, 5]. In the article [4], the numerical simulation has been used to derive 
FID curves for a simple cubic lattice with 216 classical magnetic moments (classical spins) cou-
pled by dipole-dipole interaction. It was found that the calculated FID shape is close to the FID 
shape of fluorine nuclei (nuclear spin 2/1=S ) which was experimentally measured in CaF2 [6]. 
In Ref. [5] we explained this result. We showed that the time dependence of FID for the system 
consisting of quantum spins and one formed by classical magnetic moments )1( += SShγµ  
coincides in a limit of a large number of the equivalent nearest neighbors surrounding a probe 
spin (anyone spin) in a lattice. The deduction has been made on the basis of the analysis of vari-
ous contributions to the spectral moments of all orders of NMR spectrum. Actually in Ref.[5] we 
demonstrated that if the numbers of the rather equivalent nearest neighbors for any spin is large 
enough then the principal contributions to the arbitrary NMR spectral moment carrying in by the 
terms of the moment with maximum number of the summing indexes on the lattice. Referred 
above contributions coincide exactly for classical and quantum spin systems. So it works for or-
dinary regular three-dimensional lattices (e.g. simple cubic one). Comparison of the values of the 
exact spectral moments from M4 to M8, performed in Ref. [5] also revealed insignificant discrep-
ancies between results for the systems of quantum and classical spins. 
It is interesting to calculate share of quantum correlations under these conditions. One of 
the approaches to solution the problem of clearing quantum effects (quantum correlations) con-
sists of the reduction of the multispin density matrix to the two-spin matrix with the subsequent 
analysis of pair correlations [3]. Thus, such approach is applied to the description of one-
dimensional XY-chain in Refs. [7, 8], and also, in Ref. [9], to investigation of spins in nanopore 
with equal dipolar interaction between any two spins. In both cases, only nuclei with a spin 
quantum number S=1/2 only were studied. In the present work we consider lattices formed by 
nuclei with an arbitrary spin S. Any disturbing quadrupole effects are neglected. We will provide 
a reduction of the multispin density matrix to a two-spin matrix. Then, following the program put 
forward in Ref. [10], we are going to calculate shares of quantum and classical correlations: for 
S=1/2 we shall use the von Neumann orthogonal measurement, whereas for  S>1/2 we shall pro-
vide generalized POVM measurement (positive-operator-valued-measure) [3, 11] using the basis 
of spin coherent states (SCS) [12]. In spite of our basic goal for the present paper consisting of 
studying spin systems coupled by a dipole-dipole interaction we are going also to consider model 
lattices with spin-spin interaction only between spin components, parallel to the external mag-
netic field (Ising like interaction) because the last one allows to get some exact results.  
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II. HAMILTONIAN AND SOME BASIC EQUATIONS OF THE PROB-
LEM. 
 In traditional experiments employing NMR, the spin temperature considerably exceeds 
the energy of the Zeeman and other interactions in the spin system. As a consequence, polariza-
tion is very small for nuclear spin in the strong static magnetic field at room temperature T, 
 (110/ 50 <<≈= −kTωβ h 0ω  is the Larmor frequency), and the equilibrium density matrix has 
the form [1]:  
ZSzeq /)ˆ1(ˆ βρ += ,      (1) 
where Z is the partition function, ∑=
j
jSS αα ˆˆ ,  is the α-component (α = x, y, z) of the spin 
j, and the external magnetic field H
αjSˆ
0 is directed along the z axis. As well known [1] for observa-
tion of a FID signal it is necessary preliminary to prepare the spin system using the pulse of the 
radio-frequency magnetic field causing rotation of spins at π/2 -angle around the y axis of the 
rotating with the Larmor frequency reference frame . So we get 
ZSYY xeq /)ˆ1(ˆˆˆ)0(ˆ
1 βρρ +== − . 
This initial density matrix evolves in time as 
ZtZtUStUtUtUt x /)](ˆ1[/)](ˆˆ)(ˆ1[)(ˆ)0(ˆ)(ˆ)(ˆ
11 ρββρρ ∆+=+== −− ,  (2) 
where  is the operator of evolution with the Hamiltonian )/ˆexp()(ˆ htHitU −= Hˆ . An observable 
signal of FID is proportional to time-correlation function: 
)}0(ˆˆ{
)}(ˆˆ{)( ρ
ρ
x
x
STr
tSTrtF =       (3) 
and it links to the shape of NMR absorption line via the Fourier transform. 
As it is known [1], in nonmetallic diamagnetic solids (at least consisting of light nuclei 
(e.g., protons or 19F nuclei)), a principal cause of the absorption NMR line broadening is a secu-
lar part of dipole-dipole interaction between nuclear spins. So this interaction completely speci-
fies the dynamics of the nuclear spin system: 
ffzz
ji
jiij
ji
zjziij
ji
yjyixjxiij
ji
zjziijd HHSSaSSbSSSSaSSbH ˆˆˆˆˆˆ)ˆˆˆˆ(ˆˆˆ +=+=++= ∑∑∑∑
≠
−+
≠≠≠
, (4) 
where , , , iyixi SiSS ˆˆˆ ±=± 322 2/)cos31( ijijij rb θγ −= h 2/ijij ba −= ijrr is the vector connecting 
spins i and j, θij is the angle, formed by vector ijrr with the static external magnetic field. From 
here on, energy is expressed in frequency unities. 
Let's suppose that the system is in equilibrium in the strong external magnetic field for 
which Zeeman splitting substantially exceeds spin-spin interaction (4). Therefore the initial state 
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of the system is well described by the density matrix (1). In this initial state all correlations are 
absent. In the course of evolution to the state described by Eq. (2) dynamic correlations are form-
ing in the system. One of approaches to their examination consists in a reduction of the multispin 
density matrix (2) to the two-spin matrix with the subsequent analysis of pair correlations and to 
their partitioning into quantum and classical parts [3, 7 - 9]. For such a reduction we will choose 
two spins in the lattice points i and j and then calculate a trace in Eq. (2) over all other spin vari-
ables. The density matrix )(ˆ tijρ  obtained will depend only on spin states of two nuclei i and j 
and in the present section we will use appropriate numbers accordingly 1 and 2. 
The information-theoretic measure of correlations between two spins is the mutual infor-
mation [3, 11], 
)ˆ()ˆ()ˆ()ˆ( 122112 ρρρρ NNN SSSI −+= ,    (5) 
where }ˆlogˆ{)ˆ( 2 ρρρ TrSN −=  is the von Neumann entropy, 1221 ˆˆ ρρ Tr= , 1212 ˆˆ ρρ Tr=  are the 
density matrices reduced to one spin. We assume to calculate the von Neumann entropy in the 
lowest order on β [1, 10], 
2
2
22 )ˆ(2ln2
log}ˆlogˆ{)ˆ( ρβρρρ ∆−≈−= Tr
Z
ZTrSN . 
In the high-temperature approach accepted the mutual information (5) is as follows: 
⎭⎬
⎫
⎩⎨
⎧ ∆−∆−∆= 2222112122
2
12 )ˆ(
1)ˆ(1)ˆ(1
2ln2
)ˆ( ρρρβρ Tr
d
Tr
d
Tr
d
I ,  (6) 
where . 12 += Sd
 The mutual information (5) is used to measure the total correlations, which are sums of 
the classical and quantum correlations. The classical correlations can be calculated by the meas-
urement, described in [3]. To perform a von Neumann measurement we must project the state 
)(ˆ12 tρ  on the complete basis of orthogonal wave functions mΨ by means of a complete set of 
projectors, 
mmm ΨΨ=Πˆ , 1ˆ =Π∑
m
m .    (7) 
In the case of system with S=1/2 the complete set of orthogonal projectors of the first spin con-
sists of two projectors of a general form,  
)]ˆˆˆ(1[
2
1ˆ
1111 zzyyxx nnn σσσ ++±=Π ± ,    (8) 
where  are the direction cosines, αn ασˆ  are the Pauli matrices, and zyx ,,=α .  
 The density matrix )(ˆ12 tρ  is transformed after projecting on the states of the first spin to  
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))](ˆ(ˆ1[1)ˆ(ˆ 121121 tZ
ρβρ ∆Π+=Π ,     (9) 
where we have 
)ˆˆ()(ˆ)ˆˆ())(ˆ(ˆ 211221121 Ε⊗Π∆Ε⊗Π=∆Π ∑ m
m
m tt ρρ , 
and where  is the unit matrix.  2Eˆ
If one wants to use the generalized POVM measurement, he must recognize that the func-
tions mΨ  in operators (7) can now be no orthogonal, and these operators strictly speaking are 
then already not projectors [11]. It is assumed that the spin coherent states (SCS) (Bloch states) 
[12]  
( ) ( )∑=
−=
−+⎟⎟⎠
⎞
⎜⎜⎝
⎛
+==
Sm
Sm
mSimS me
mS
S
SR 2/sin2/cos
2
),(ˆ,
2/1
θθϕθϕθ ϕ ,  (10) 
are closest to the states of the classical momenta. Here θ and φ are the polar and azimuthal angles 
on the unit sphere (Bloch sphere), m  is an eigenstate of the operator with eigenvalues m  as-
suming 2S+1 values, 
zS
-S, -S+1, … , S-1, S.       
These states (10) are obtained from the ground state S  by the rotation operator  and are 
a superposition of states with different  m. The average values of spin projections in the state 
(10) are as follows 
),(ˆ ϕθR
 θϕθϕθ cos,ˆ, SSz = ,   ϕθϕθϕθ cossin,ˆ, SSx = ,    ϕθϕθϕθ sinsin,ˆ, SS y =   
and are the same as for classical momentum. The completeness property  
1sin,,
4
12 =+ ∫ ϕθθϕθϕθπ ddS  
is satisfied for the SCS basis, but this basis is not orthogonal. 
We take the SCS system as the measurement basis in Eq. (7), to perform the POVM 
measurement of the first spin, which reduces to multiplying by the SCS and calculating the trace, 
and obtain the classical density function for the probability distribution of the angle values 
11121121111121112 ,)(ˆ,4
)12(}ˆ,,)(ˆ{
4
)12();(ˆ ϕθρϕθπϕθϕθρπϕθρ t
SEtTrSt +=⊗+= . (11) 
Now to calculate the Shannon entropy we must calculate the integral over the Bloch sphere 
∫−= 11111221122112 sin)};(ˆlog);(ˆ{));(ˆ( ϕθθϕθρϕθρϕθρ ddttTrtSShN . 
As usual let us choose the mutual information  calculated using formulas (5), 
(9) and (11) for this matrix, as a measure of classical correlations. Unfortunately the gained value 
))ˆ(ˆ( 121 ρΠI
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will depend on the chosen basis (7). It was proposed [3] to search all bases and to take the max-
imum value of correlation  as the universal measure. However, such a program can 
be realized only for some simple cases, e.g. for two-level system. If we subtract the classical part 
from all correlations (5), then we obtain the quantum part of the correlations 
))ˆ(ˆ( 121 ρΠI
))ˆ(ˆ()ˆ( 1211212 ρρ Π−= IIQ .      (12) 
After carrying out of minimization of this quantity on measurement bases one gains an entropy 
measure of quantum correlations named by quantum discord  [3]. Measure (12) without op-
timization was called a measurement dependent discord [3]. 
12D
 
III. THE MODEL CALCULATIONS WITH ISING LIKE-INTERACTION ONLY. 
We are going to study the general case of Hamiltonian (4) in the following section, while 
now, at the first stage, let's put . In this case, the time evolution of the matrix (2) can be 
written out in the explicit form  
0=ija
⎪⎭
⎪⎬
⎫
⎪⎩
⎪⎨
⎧
⎥⎥⎦
⎤
⎢⎢⎣
⎡ +−+= ∑ ∏∑ ∏
≠
−
≠
+
i ij
jziji
i ij
jziji SbitSSbitSZ
t
)()(
)ˆ2exp(ˆ)ˆ2exp(ˆ
2
11)(ˆ βρ .  (13) 
 So the observable FID signal (3) is  
∏
≠
=
)( )sin(
)sin(
)(
ij ij
ij
zz tbd
tdb
tF .     (14) 
If a number of equivalent nearest neighbors V in formula (14) is large enough it can be adequate 
approximated by the Gaussian function 
}2/exp{)( 22 tMtF
zz
G −=      (15) 
where 
∑+=
j
ij
zz bSSM 22 )1(3
4 . 
Under these conditions the FID shape does not depend on S and, therefore, coincides with the 
FID shape of the of system of classical magnetic moments with )1( += SShγµ  which one gets 
in the limit .  ∞→S
 We can discriminate functions given by Eqs. (15) and (14) using discrepancy of their 
fourth moments: 
2
22
24 )1(3
43)(3
⎥⎥⎦
⎤
⎢⎢⎣
⎡ +== ∑
j
ij
zz
G bSSMM , 
∑⎭⎬
⎫
⎩⎨
⎧
++⎥⎦
⎤⎢⎣
⎡ +−=
j
ij
zzzz b
SS
SSMM 4
2
2
24 )1(
12)1(
3
4
5
3)(3 .   (16) 
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As it follows from Eq. (16) the above discrepancy  expressed through the 
lattice sum with only one summation via lattice sites whereas quantity of the moment (16) de-
fines by the lattice sums with two such indexes of summation containing in , and there-
fore . 
zz
G MMM 444 −=∆
2
2 )(
zzM
VMM zz /1~/ 44∆
 What does it really means? Whether coincidence of the FID shapes at  means dis-
appearance of quantum correlations? To answer this question, we will execute a reduction of a 
density matrix (13) [7-9]. Let us fix two spins in sites i and j and then calculate a trace in Eq. 
(13) over all other spin variables. So we get  
∞→V
[
)]},ˆ2exp(ˆ)()ˆ2exp(ˆ)()ˆ2exp(ˆ)(
)ˆ2exp(ˆ)(
2
11)(ˆ
)()()(
)(2
izijjijizijjijjzijiji
jzijijiij
SbitStGSbitStGSbitStG
SbitStG
d
t
−+−
+
+−++
⎩⎨
⎧ +−+= βρ
 
∏
≠
=
),(
)( )sin(
)sin(
)(
jif if
if
ji tbd
tdb
tG , ∏
≠
=
),(
)( )sin(
)sin(
)(
jif jj
jf
ij tbd
tdb
tG .   (17) 
 To simplify the analysis let us suppose that all the spins occupy equivalent positions in 
the lattice. As a result one can write  
)()()( )()( tGtGtG ijijji ≡= , 
and the density matrix becomes 
2/)}(ˆ1{)(ˆ dtt ijij ρβρ ∆+=      (18) 
where 
.2/)]ˆ2exp(ˆ)ˆ2exp(ˆ
)ˆ2exp(ˆ)ˆ2exp(ˆ)[()(ˆ
izijjizijj
jzijijzijiijij
SbitSSbitS
SbitSSbitStGt
−+
−+
+−+
++−=∆ρ
 
 Expression (18) differs from the similar expression for isolated pair of spins, obtained in 
Ref. [10], owing to replacement of τ by  and β by ijbt2 )(tGijβ . Therefore, omitting intermediate 
evaluations, let's state the final results at once. At first, for the mutual information (6) with 
)(ˆˆ12 tijρρ ∆=∆  we get 
)](1)[1(
2ln3
))((
)ˆ( 2
2
tgSS
tG
I ij
ij
ij −+=
βρ ,   (19) 
 
where 
)sin(
)sin(
)(
tbd
tdb
tg
ij
ij
ij = . 
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And secondly, if 2/1=S we obtain for classical  and quantum (by using quan-
tum discord (12) D
))ˆ(ˆ( 1 ijij IC ρΠ=
ij) parts of correlations  
)(sin
2ln8
))((
)ˆ(
2
1 2
2
ij
ij
ijijij tb
tG
IDC
βρ === .    (20) 
The result (20) is gained by means of the von Neumann orthogonal measurement (9) with the 
projectors (8) on one of the spins. At last, if  for classical (J2/1>S ij) and quantum (Qij) parts of 
correlations one gets 
[ ] [{ })(1)()()1(
2ln6
))(( 222
2
tgStgtfSS
tG
J ijijij
ij
ij −+−+= β ] ,   (21) 
[ ] [{ )(1)(1)1(
2ln6
))((
)ˆ( 2
2
tgStfSS
tG
JIQ ijij
ij
ijijij −+−+=−= βρ ]}.   (22) 
 
In the above equations we use notation  
( ) ( )∑=
=
−+⎟⎟⎠
⎞
⎜⎜⎝
⎛=
Sn
n
n
ij
n
ij tbn
n
n
S
tf
2
0
2sin1
!)!12(
!)!2(2)( . 
The formula (21) is gained by using the generalized POVM measurement (11) with the basis 
from SCS (10).  
 The expressions (21) and (22) describe evolution of required parts of correlations with 
time. To make a qualitative analysis of their behavior for the large number of neighbors V we 
need to pay attention the fact that in this case function  (17) rapidly dies out at time scale 
with the order of 
)(tGij
21
zzM . At such times we have 
11~/~ 2
2 <<VMbtb zzijij . 
Therefore in Eqs. (19), (21) and (22) it is possible to keep only first nonvanishing terms in ex-
pansion of the functions ,  and also  in powers of t. So we get )(tfij )(tgij ijtbsin
2
2
])1([4
2ln9
))((
)ˆ( tbSS
tG
I ij
ij
ij +≈
βρ ,    (23) 
)1(][4
2ln9
))(( 2
2
+≈ StSbtGQ ijijij
β
.    (24) 
From here for the relative share of quantum correlation we can extract  
)1/(1)ˆ(/ +≈ SIQ ijij ρ ,    (25) 
i.e. we reveal that as S is growing up the share of quantum correlations decreases. We would 
note also that if expression (25) is equal to 2/3 whereas from Eq. (20) one gets l/2. The 
discrepancy is related to the distinctions in the methods of measurement. 
2/1=S
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 IV. Dipole-dipole interaction case  
 Now let us study system with the total Hamiltonian (4). Interaction between transversal 
spin components does not allow writing down just now an explicit time dependence of the den-
sity matrix in a so simple form as Eq. (13). In this situation for finding the appropriate form of 
the density matrix, we shall decompose it over the complete system of orthogonal operators [ )k  
following the line outlined in ref. [13 - 15]. In this representation  
[ )∑∞
=
− ==
0
1
x )()(ˆˆ)(ˆ)(ˆ
k
kx ktAtUStUtS .     (26) 
The initial operator [ ) xSˆ0 = . Each subsequent operator of the basis is obtained from the previous 
one after the procedure of commutation with the Hamiltonian according to the recursion rela-
tions: 
[ ) [ )[ ] [ ) [ )[ ] [ ) )1(1,ˆ1,0,ˆ1 2 1 ≥−+=+= − kifkkHikHi kdd ν ,   (27) 
( ){ } ( ){ }kkSpkkSpk 112 ++=ν . 
For amplitudes Ak (t) the system of the differential equations [13, 14] has been revealed 
)1()()()(),()( 1
2
11
2
00 ≥−== +− kiftAtAtAtAtA kkkk νν && .   (28) 
To avoid confusion, a certain difference in the definition of amplitudes Ak (t) in references [13] 
and [14] should be noticed. The difference is in the factor (i)k. We have chosen a variant used in 
ref. [14] at which functions Ak (t) contain no imaginary part, because the factor (i)k is included 
into definition of operators [ . The parameters {ν)k k} which values determine the solution of the 
system (28), are expressed unequivocally through the moments of the NMR absorption line [13]. 
In particular  
2
2
24
2
462
2
22
2
24
2
1
2
2
2
0 )/()(   ,/)(   ,)1(3 MMMMMMMMMbSSM
j
ij −−=−=+== ∑ ννν , (29) 
where  are the second, fourth and sixth moments of the NMR absorption line. 642  , , MMM
 Let us substitute decomposition (26) to Eq. (2) and then execute the reduction. As it 
means we have to choose two spins at sites i and j and then to calculate a trace in Eq. (2) over all 
other spin variables. Thus we have 
[ )
⎭⎬
⎫
⎩⎨
⎧ += ∑∞
= ≠0 ,
2
2 )(1
1)(ˆ
k ji
kij kTrZ
dtA
d
t βρ .    (30) 
So for the first two orthogonal operators of the complete set we get 
[ ) )ˆˆ(1ˆ101 2,, xjxif xfjiji SSdSTrZTrZ +== ∑≠≠ ,    (31) 
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[ ) )ˆˆˆˆ)((2]ˆ,ˆ[11 2,, ziyjzjyiijijxdjiji SSSSabdSHTrZ
iTr
Z
+−−== ≠≠ .   (32) 
The contribution to Eq. (30) from orthogonal operators of the higher order can be ob-
tained in two cases. First case assumes zero direct interaction between the chosen spins i and j. It 
is a possible case for example, if the angle ijθ between the vector ijr
r
and external magnetic field 
is equal to the "magic" value 54044`. In this situation we have to take into account the contribu-
tion from vector [  which depends on the constant through the intermediate spin f  if this 
constant is distinct from zero. The second case appears if because orthogonal operators 
of the high order are formed of products of spin operators not only from different sites, but also 
from the same site. For examples in vector
)3 2jfif bb
2/1>S
[ )2  there is a contribution , and 
in vector [ one gets a contribution . We shall neglect above men-
tioned contributions in Eq. (30) as far as these parts do not contain new qualitative properties, 
and are small corrections to contributions from Eqs. (31) and (32). The trifle of discussing cor-
rections is a consequence of the different time dependence of the different order amplitudes: 
 at small times. Because of the rapid decay of amplitudes at times 
}3/)1(ˆ{ˆ 2 +− SSSS zjxi
)3 }5/)133(ˆˆ{ˆ 23 −+− SSSSS zjzjyi
k
k ttA ~)( 21 Mt ≥ , each 
additional power of t adds only a small factor 11~/~ 2
2 <<VMbtb ijij .  
Having retained two contributions (31) and (32) in Eq. (30) we get   
)}ˆˆˆˆ()()ˆˆ)((1{1)(ˆ 102 ziyjzjyiijxjxiij SSSSBtASStAd
t ++++≈ ββρ ,   (33) 
where ijijijij babB 3)(2 −=−−= for the Hamiltonian (4). At last, at the further reduction to one 
spin one gets  
}ˆ)(1{1)(ˆ )(0)( jxiji StAd
t βρ +≈ .    (34) 
Having substituted Eq. (34) in Eq. (3), we get )()( 0 tAtF = . 
 The density matrix (33) looks like similar expression for isolated pair of the spins, calcu-
lated in [10] at small times. Therefore, skipping on intermediate evaluations, we are giving the 
results at once. By such a way we calculated for the mutual information 
2
2
2
22
2
1
2
)]()1([
2ln
)]()1([
2ln9
)ˆ( tFSS
M
b
tABSSI ijijij &+=+≈
ββρ .   (35) 
Under the transformations in process of obtaining the Eq. (35) formulas (28) and (29) were used. 
We obtain also that the quantum discord  (if S=1/2) and the quantum part of correlations  ijD ijQ
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(if ) are related to the mutual information 2/1>S )ˆ( ijI ρ from Eq. (35) by the same relations (20) 
and (25), as in the previous example: 
2/)ˆ( ijijij IDC ρ== ,   )1/()ˆ( +≈ SIQ ijij ρ . 
 On the basis of the results derived above it can be concluded that the time dependence of 
the mutual information (35) and the quantum part of correlations is revealing through the deriva-
tive of FID shape. Thus rapid exhaustion of pair correlations and reduction of their peak values 
with the growing up of the number of neighbors V  generally speaking do not mean impairment 
of correlated relations of spins, but mean redistribution of pair correlations to more complicated 
multispin ones. As a measure of total correlation the total information [3, 16] can serve: 
)](1)[1(
2ln3
)ˆ()ˆ()ˆ( 20
2
tASSSST N
i
iN −+≈−=∑ βρρρ .   (36) 
At the initial moment of time and 1)0(20 =A 0)ˆ( =ρT . For a long times is coming to zero 
and therefore 
)(20 tA
)ˆ(ρT  reaches own limiting value only defined by entry conditions: e.g. by polari-
zation β at given temperature and at the fixed strength of the external magnetic field.  
 
V. Conclusion 
 Our results mean that in spite of coincidence [5] of the FID shapes both of classical and 
quantum spin systems for a large number V  of nearest neighbors, the quantum properties of the 
system are not lost. For every pair of spins the portion of quantum correlations changes from 1/2 
to 1/(S+1) with S growing up. In reality the quantum properties disappear completely only if 
S→∞ but not in the case when V→∞. The similarity of the FID shapes means that measurable 
classical correlations and "immeasurable" (lost at measurement) quantum correlations are bring-
ing the equal influence at FID. So it implies that unobservable simultaneously spin components 
 are capable to give the contribution to dynamics of spins simultaneously. Thereof the 
time scale dependence is determined by the quantity 
zyx SSS ˆ,ˆ,ˆ
)1( +SS , instead of , where S is the max-
imal value of an observable projection upon any axis.  
2S
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